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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Huy X. Nguyen et al. Group Art Unit: (uncertain) 

Serial No: 07/683,016 Examiner: (uncertain) 

Filed: April 10, 1991 
File No. 82-2775 CIP2 

/ For: BALLISTIC RESISTANT COMPOSITE ARTICLE HAVING IMPROVED MATRIX 

SYSTEM 



<3 



May 30, 2008 

VIA FAX 571-273-0185 



Licensing and Review 
--v. Commissioner for Patents 

P.O. Box 1450 
CNfV- Alexandria, VA 22313-1450 

Sir: 



PETITION TO RESCIND SECRECY ORDER UNDER 37 CFR 8S.4 

Applicants respectfully petition to rescind the Secrecy Order in this application. 
The Secrecy Order was originally issued on May 24, 1994. The Secrecy Order has been 
renewed over the years, the last time apparently on June 27, 2006. It is understood that 
the last renewal of the Secrecy Order was requested by the Department of the Army. 

It is respectfully pointed out that the subject application is a continuation-in-part 
of application Serial Number 07/432,259 filed November 6, 1989. The parent 
application issued as U.S. Patent 5,330,820 on July 19, 2004 (copy attached for 
convenience). 



The subject matter of the parent patent is directed to a composite material which 
includes two or more layers, wherein adjacent fibrous layers comprise a network of high 
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Petition Under 37 CFR 5.4 to Rescind Secrecy Order 
Serial No. 07/683,016 

The subject matter of the present application adds to the disclosure of the parent 
application the feature that an initiating/compatibilization agent is added to the matrix 
resins. Thus, the allowed claims of the subject application recite a composite which 
includes two or more layers, with at least two layers being adjacent layers comprising a 
network of high strength filaments in a rigid matrix. The matrix is a blend of one or more 
thermoplastic resins, one or more thermosetting resins, and the initiating/ 
compatibilization agent . 

The additional subject matter disclosed in and claimed in the present 
continuation-in-part application is the initiating/compatibilization agent . The other 
elements have been disclosed and claimed in the parent patent. As can be seen, the 
predominate technology has already been publicly disclosed in the issued parent patent. 
It is respectfully submitted that the addition of the initiating/compatibilization agent to 
the matrix material does not raise a national security issue. Thus, it is respectfully 
submitted that the continuation of the Secrecy Order in this application is not warranted. 
It is noted that the Secrecy Order has been in place for almost 14 years and there is no 
reason to continue to maintain the Secrecy Order. 

There is no contract between the Government and any of the principals under 
which the subject matter of this application or any significant part thereof was developed, 
or to which the subject matter is otherwise related. 

In summary, it is respectfully requested that the Secrecy Order be reviewed and 
that it be rescinded for the above reasons. Should there be any questions at all, it is 
respectfully requested that the undersigned be contacted, 

A duplicate of this Petition is attached as per 37 CFR §5,4 (a). 
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Petition Under 37 CFR 5,4 to Rescind Secrecy Order 
Serial No. 07/683,016 

Also attached is a change of address letter. It is respectfully requested that the 
decision on this Petition be sent to: 



(1) Duplicate Copy of Petition 

(2) Copy of USP 5,330,820 

(3) Change of Address Letter 

Roger H. Criss, Esq. 
1462 ViaPortofino 
Naples, FL 34108 



I hereby certify that this correspondence is being sent by fax to; 571-273-01 85 on May 



Honeywell International Inc. 
Patent Services 
101 Columbia Road 
Morristown, NJ 07962 



Respectfully submitted, 
Huy X, Nguyen et al. 




Roger H. Criss 
(Their Attorney) 
Reg. No, 25,570 
(239) 254-0971 



Attachments 



30, 2008. 




Roger H. Criss 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Huy X. Nguyen et al. 
Serial No: 07/683,016 



Group Art Unit: (uncertain) 
Examiner: (uncertain) 



Filed: April 10, 1991 
File No, 82-2775 CIP2 

For: BALLISTIC RESISTANT COMPOSITE ARTICLE HAVING IMPROVED MATRIX . 
SYSTEM 



VIA FAX 571-273-0185 

Licensing and Review 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PETITION TO RESCIND SECRECY ORDER UNDER 37 CFR S5.4 

Applicants respectfully petition to rescind the Secrecy Order in this application. 
The Secrecy Order was originally issued on May 24, 1 994, The Secrecy Order has been 
renewed over the years, the last time apparently on June 27, 2006. It is understood that 
the last renewal of the Secrecy Order was requested by the Department of the Army. 

It is respectfully pointed out that the subject application is a continuation-in-part 
of application Serial Number 07/432,259 filed November 6, 1989. The parent 
application issued as U.S. Patent 5,330,820 on July 19, 2004 (copy attached for 
convenience). 



May 30, 2008 



The subject matter of the parent patent is directed to a composite material which 
includes two or more layers, wherein adjacent fibrous layers comprise a network of high 
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Petition Under 37 CFR 5.4 to Rescind Secrecy Order 
Serial No. 07/683,016 

The subject matter of the present application adds to the disclosure of the parent 
application the feature that an initiating/compatibilization agent is added to the matrix 
resins. Thus, the allowed claims of the subject application recite a composite which 
includes two or more layers, with at least two layers being adjacent layers comprising a 
network of high strength filaments in a rigid matrix. The matrix is a blend of one or more 
thermoplastic resins, one or more thermosetting resins, and the initiating/ 
comnatibilization agent . 

The additional subject matter disclosed in and claimed in the present 
continuation-in-part application is the initiating/compatibilization agent . The other 
elements have been disclosed and claimed in the parent patent, As can be seen, the 
predominate technology has already been publicly disclosed in the issued parent patent. 
It is respectfully submitted that the addition of the initiating/compatibilization agent to 
the matrix material does not raise a national security issue. Thus, it is respectfully 
submitted that the continuation of the Secrecy Order in this application is not warranted* 
It is noted that the Secrecy Order has been in place for almost 14 years and there is no 
reason to continue to maintain the Secrecy Order. 

There is no contract between the Government and any of the principals under 
which the subject matter of this application or any significant part thereof was developed, 
or to which the subject matter is otherwise related. 

In summary, it is respectfully requested that the Secrecy Order be reviewed and 
that it be rescinded for the above reasons. Should there be any questions at all, it is 
respectfully requested that the undersigned be contacted* 

A duplicate of this Petition is attached as per 37 CFR §5.4 (a). 
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Petition Under 37 CFR 5 .4 to Rescind Secrecy Order 
Serial No. 07/683,016 

Also attached is a change of address letter. It is respectfully requested that the 
decision on this Petition be sent to; 



(1) Duplicate Copy of Petition 

(2) Copy of USP S,330,820 

(3) Change of Address Letter 

Roger H. Criss, Esq. 
1462 Via Portofino 
Naples, FL 34108 



I hereby certify that this correspondence is being sent by fax to: 571-273-0185 on May 
30, 2008, _ 



Honeywell International Inc. 
Patent Services 
101 Columbia Road 
Morristown, NJ 07962 



Respectfully submitted, 
Huy X. Nguyen et al. 




Roger H. Criss 
(Their Attorney) 
Reg. No. 25,570 
(239) 254-0971 



Attachments 
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[57] ABSTRACT 
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setting resins and one or more thermoplastic resins. 
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1 * 

4,413,110 embedded in an elastomeric matrix material 
BALLISTIC RESISTANT COMPOSITION ARTICLE and at least one additional rigid layer on a major surface 
RAVING IMPROVED MATRIX SYSTEM of the fiber* in the matrix. It is disclosed that the com- 

posites have improved resistance to environmental ha- 
RELATED APPLICATIONS S zards, improved impact resistance and are unexpectedly 

. , ff tt o effective as ballistic resistant articles such as armor. 

This is a continuation-in-part of U.S. patent appuca- « v « 

tion Ser. No. 379,396, Wed Jul, 13, 1989 now aban- . SUMMARY OF THE INVENTION 
doned ' One aspect of the present invention relates to a bailie 
BACKGROUND OF THE INVENTION lO tic-resistant rigid composite comprised of one or more 
i trt-M *r tnupnhftn layers, at least one of said layers is a fibrous layer com- 
TU^^K^bd^ resistant composite prising a network of hitf strength JUaments having a 
arrideV More particularly, this invention relates to such tenacity of at least about 7 granWdenier, a tensile mod- 
S ha^^^^ protection. . ulus of at least about 1W gWdemer and an energy- 
1 Prior Art 15 to-break of at least about 8 joules/gram m a rigid matrix 
Ballistic articles such as bulletproof vests, helmets, material* wherein said matrix material comprising one 
structural members of helicopters and other military or more thermoplastic polymers and one or more tner- 
eouipmenu vehicle panels, briefcases, raincoats and mosetting resin. The composites of this invention ex- 
umbrellas containing high strength fibers are known- nihil good handling characteristics and long shelf Wc 
Fibers conventionally used include aramid fibers such 20 and resist delaminatioa due to impact During the mold* 
as poly(phenylenediamine terephthalamide), graphite ing of the composites of this invention, no or substan- 
fibcrs, nylon fibers, ceramic fibers, glass fibers and the tially no mold cooling is required, and mold cycle times 
like. For many applications, such as vests or parts of are short, preferably less than about 30 minutes, 
vests, the fibers are used in a woven or knitted fabric. twTAiT m DESCRIPTION OF THE 
For many of the applications, the fibers are encapsu- * DETAU^D ^OWmON Or the 
lated or embedded in a matrix material. *w v taw i 

In **The Application of High Modulus Fibers to Bal- Composites of this invention comprise a network of 

listic Protection", R. C Laibie et al, 7. MacwnoL Scu— filaments in a rigid matrix which comprises one or more 

Oton., A7(1),m>29S-322, 1973, it is indicated on p, 298 thermoplastic polymers and one or more thenuoserring 
that a fourth requirement is that the textile material 30 

have a high degree of heat resistance. In an NTIS publi- j^c cross-section of filaments for use in this invention 

cation, AD-A018 958 "New Materials in Construction m ^ vary W iacly. UscfW filaments may have a circular 

for Improved Helmets", A. L. Alesi et a) , a multilayer cross-section, oblong cross-section or irregular or regu- 

highly oriented polypropylene film material (without mu iti-iobal cross-se«ion havmg one or more regular 

matrix), referred to as *<XT\ was evaluated against an 35 projecting from the linear or longitu- 

aramid fiber (with a phenohc/polyvmyl butyral resin « £ ^ particularly preferred 

matrix). The aramid system was judged to have the mbodiment$ ^ ^ invention, the filaments are of sub- 

rtf f h7 VitJr bundles m various alignments. The filaments or yarn 
Tl ^sS« al., 'The Effect of Resin Concentra- may be formed as a felt, knitted v^t^biM 
tion and LammaUng Pressures on KEVLAR Fabric «» «nd crow feet weaves, etc.) into a network, fabri- 
B^ed with Modiffed Phenolic Resin", Tech, Report «ted into non-woven fabnc, arranged in P^lleW y 
NATlClC/TR-84/rj3a Jun, 8, 1984; disclose that an 50 leered, or formed mto a woven febnc by any of a 
interstitial resin, which encapsulates and bonds the fi- variety of conventional techniques. Among these tech- 
bers of a fabric, reduces the ballistic resistance of the mques. for ballistic resistance applications wc prefer to 
resultant composite article. use those variations commonly employed in the prepa- 
U.S> Pat. No*. 4,623,574 and 4,748,064 disclose a ration of aramid fabrics for ballisncresistont articlf* 
simple composite structure comprising high strength 55 f^f^P^^V/^^^^f 2 Sc° ; 
fibers embedded in an elastomeric matrix. The simple 4,181,768 and in M. R. Silyquist et al / MacremoISa. 
composite structure exhibits outstanding ballistic pro- CAem., A7(l), pp. 203 et. seq. (1973) are particularly 
tection as compared to simple composites utilizing rigid suitable. In preferred embodiments of the invention, the 
matrices, the results of which are disclosed in the pa- filaments in each layer are aligned in a substantially 
tents. Particularly effective arc simple composites em- 60 parallel and unidirectional fashion, and the matrix mate- 
ploying ultra-high molecular weight polyethylene and rial substantially coats the individual filaments, 
polypropylene such as disclosed in U.S. Pat. No, The type of filaments used in the fabrication of the 
4 413,1 10. article of this invention may vary widely and can be 
' U.S. Pat. Nos> 4,737,402 and 4,613,535 disclose com- metallic filaments, semi-metallic filaments, inorganic 
plex rigid composite articles having improved impact 65 filaments and/or organic filaments. Preferred filaments 
resistance which comprise a network of high strength for use in the practice of this invention are those having 
fibers such as the ultra-high molecular weight polyeth- a tenacity equal to or greater than about 10 g/d, a tensile 
ylene and polypropylene disclosed in U.S. Pat. No. modulus equal to or greater than about 150 g/d and an 
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ener*y-in-break equal to or greater than about 8 jou- or substituted with one or more substituents selected 

les/gram. Particularly preferred filaments are those from the group consisting of alkoxy. cyano, hydroxy, 

having a tenacity equal to or greater than about 20 g/d, alky) and ary]. Illustrative of such polymers or a t p- 

a tensile modulus eQual to or greater than about 500 g/d unsaturated monomers are polymers including polysty- 

and energy-in-break equal to or greater than about 30 5 rene, polyethylene, polypropylene poly(l-octadecene), 

joules/grams. Amongst these particularly preferred poiyisobutylene, polyO-pcntene), poly(2-methylsty- 

cmbodiments, most preferred are those embodiments in rcnc ) r pol y (4-methy lstyrene), poly(l-hexene), poly(l- 

which the tenacity of the filaments are equal to or pentene), poly(4-roethoxystyrene), poly(5«metbyl-l~ 

greater than about 25 g/d, the tensile modulus is equal hexene), poly(4-methylpentene) l poly(l*butene), po- 




have a tenacity equal to or greater than about 30 g/d, poly(vinyl butyral), polyvinyl chloride), polyC 

the tensile modulus is equal to or greater than about vjnyiidene chloride), vinyl chloride-vinyl acetate chlo- 

1300 g/d and the energy-to-break is equal to or greater 15 rfde copolymett poly(vinylidene fluoride), poly(raethyl 

than about 40 joules/grams. . _ acryiate, poly(methyl methacrylate). po!y(metha* 

Filaments for use in the practice ofthismyention may cry i onit ^ c r poiyCacrylamide), poly(vinyl fluoride ), 

be metallic, semi-meta Uc, inorganic 53K^ft» ^y(3-met5l-l-butenc) t poly(l- 
Illustrative of useful inorganic filaments are those ^ ( J*^J\ wb ^ t)t po ly(l pentene), 

formed from S-glass. silicon carbide, asbestos, basalt, ^ Hg^Sg™ 

^™fli?^ts areS composed of boron, lene) V*f^^ 

aluminum, steel and titanium. Illustrative of usefW or- „ polyvinyl propylether), polyvinyl carbazole), poly(vi. 

pyrrolidone), poly(^hlorc^tyrene\ pel- 
matic polyamides), poly(m-xyly!ene sdiparaide), po- chlorostyrene), poly(vmyl formate), polyvinyl butyl 
ly(p-*ylylene sebacalnide), poly (2,2,2-trimethyl-hex- ether), polyvinyl octyl ether) poly(vmyl methyl lce- 
amethylcne terephttalamide), poly(piperazine sebaca- tone), po!y(methylisopropenyl ketone), poly(4-phenyls- 
mide), poly(raetaphenylcne isophthalamide) (Nomex) M tyrene) and the like. 

and poly(p-phenylene terephthalamide) (Kevlar) and * in the most preferred embodiments of the invention, 
aliphatic and cycloalipharic polyamides, such as the composite articles include a filament network, which 
copolyamide of 30% hexamethyiene diammonium iso- may include a high molecular weight polyethylene 
phthalate and 70% hexamethyJene diammonium adi- filament, a high molecular weight polypropylene fila- 
pate, the copolyamide of up to 30% bis^-amidocy- ment, an aramid filament, a high molecular weight poly- 
clohe*yl) methylene, terephthalic add and caproJac- alcohol filament, a high molecular weight poly- 

lam, polyhcxamethylcne adipamide (nylon 66), poly(' acrylonitrile filament or mixtures thereof. U.S. Pat. No. 
butyrolactam) (nylon 4), poly(9»aminonano5c ac3d)ny- 4,457,983 generally discusses such high molecular 
Ion 9). poly(enantholactam) (nylon 7), poly(caprillac- weight polyethylene and polypropylene filaments, and 
tarn) (nylon 8), polycaprolactam (nylon 6), poly(p*phe- t jj e disclosure of this patent is hereby incorporated by 
nylcne terephthalamide), potyhexamethylene sebaca- reference to the extent that it is not inconsistent here- 
mide (nylon 6, 10), polyaminoundecanamide (nylon 1 1), with j n lhc Q f polyethylene, suitable filaments are 
polydodecanolacatam (nylon 12), polyhexamethylcne those of molecular weight of at least 130,000, preferably 
isophthalamide, polyhexaroethylene terephthal amide, at 0fte atw j more preferably between two 

polycaproamide, poly(nonamethylene azelamide) mjmon and five million. Such extended chain polyethyt- 
(Nylon 9,9), poly(decamethylene azelamidc) (nylon cne (ECPE) filaments may be grown in solution as 
10.9), poly(decainetbylenescbacamide) (nylon 10,10), descr fc e d w u.s. Pat No, 4,137,394 to Meihuzcn et al„ 
pOly[bis-4-aminocyclohexyl)methane l.irxJecanedi- of ^ g pat No 4( 35 6(138 of Kavesh et issued Oct. 
carboxamide](QianaXtrans), or combination thereof; 26, 1 982, or a filament spun from a solution to form a gel 
and aliphatic, cycloaliphatic and so structure, as described in German Off. 3,004,699 and 

such as P? 1 * 1 ^^^ GB 2051667, and especially described in U.S. patent 

^VfV? Ti? ^ P ? y(C ^^ application Ser. No, 572,607 of Kavesh et al., Hied Jan. 

poly(l,4^yclohexane ^^f,^^^^ $ 1984 (see EPA 64,167, published Nov, 10, 1982). As 
(trans), poly(decamethylene terephthalate ffirtw- mcd hcs )*n. the term polyethylene shall mean a pre* 
lene terephthakte), pc4y(ethylene 55 S^tTy linear polye^R material that may ^ 

(ethylene F^^^^J^^ 55 ^rmmor amounts of chain branching or comonomers 
P*(W dimethylpropioiactone), poly( dccamethyl- ^ ™°l™°f m ^y£l ^ its pe f 10 0 main chain 
'Iffi^ carbon atomsf and that ma^also Jtain admixed ther. 

com^sed S S^X^«Sby poV ^ not more than about 30 m% of 
m S of a, B^msaturated monomers of the for- «0 m«ieid^vei«A« 

mSa- low density polyethylene* polypropylene or polybutyl- 

ene t copolymers containing mono-olefens as primary 
r x r-C=ch 2 monomers, oxidized polyolefms, graft polyolefra co- 

polymers and polyoxymethyleneSi or low molecular 
wherein: 65 weight additives such as anti-oxidants, lubricants, ultra- 

Ri and R2 are the same or different and are hydrogen, violet screening agents, colorants and the like which are 
hydroxy, halogen, alkylcarbonyl, carboxy, alkoxycar- commonly incorporated by reference. Depending upon 
bonyl, heterocycle or alkyl or aryl either unsubstituted the formation technique, the draw ratio and tempera- 
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5 

tures. and other conditions, a variety of properties can break at least about 8 joules/gram, and P^ujarly 
Kpa^^^ The ienacity Vf the <Ua- preferred ar^d nUments wil p haye i a 

meSould be at least 15 grams/denier, preferably at least about 20 g/d, a modute rfitlMt ^ 
te£ 20 grams/denier, more preferably at least 25 and an energy.to-break of at least about 20 J<mWgr^ 
Brams/dc^Tand mo« preferably at least 30 grams/- 5 Most preferred aramid filamentswftl ^ » 
de^Simnarly,theterilemodulasofthefilamen^as at least about 20 g/demer. a fe""^ 
measured by an Instron tensile testing machine, is at 900 g/denier and an energy^o-breri of at least about 30 
least 300 grams/denier, preferably at least 500 grams A joules/gram. For example, ^polyfehenylenediamine tere- 
denicr and more preferably at least 1,000 grams/denier phalaxnide) filaments produced commercially by Du- 
and most preferably at least 1,200 grams/denier. These 10 porit Corporation under the trade name of Kevlar (g> zv, 
highest values for tensile modulus and tenacity are gen* 49, 129 and 149 having moderately high moduli and 
erally obtainable only by employing solution grown or tenacity values are particularly useful in forming baius- 
gel filament processes. tic resistant composites. Also useful in the practice ^of 

Similarly, highly oriented polypropylene filaments of this invention is poly(metaphenylene isophthalamide) 
molecular weight at least 200,000, preferably at least 15 filaments produced commercially by Dupont under the 
one million and more preferably at least two million tradename Nomex* 

may be used Such high molecular weight polypropyi- The filaments are dispersed in a continuous phase of a 
ene may be formed into reasonably well oriented fila- ri gj d matrix material which preferably substantially 
ments by the techniques prescribed in the various refer- cac h filament contained in the bundle of filament, 

enccs referred to above, and especially by the technique 20 yj^ manner j n which the filaments are dispersed may 
of U.S, patent application Ser No, 572,607, filed Jan. vary W j<j e iy. The filaments may be aligned in & subtfan- 
20, 1984, of Kavesh et al. and commonly assigned. Since para ii e | # unidirectional fashion, or filaments may 

polypropylene is a much less crystalline material than by fa a multidirectional fashion with filaments at 
polyethylene and contains pendant methyl groups, te- varying angles with each other In the preferred em- 
nacity values achievable with polypropylene are gener- 25 bodimcnts Q f this invention, filaments m each layer are 
ally substantially lower than the corresponding values i„ a substantially parallel, unidirectional fashion 

for polyethylene. Accordingly, a suitable tenacity is at such ffi ^ a preprc g t pultruded sheet and the like, 
least 8 grams/denier, with a preferred tenacity hemg at ^ mater i a j employed in the practice of this 
least 1 1 grams/denier, The tensile modulus for polypro- invention comprises one or more thermoserring resins 
pylene is at least 160 grams/denier, preferably at least 30 ^ ^ QT thermoplastic resins, preferably as a 
200 grams/denier. The particularly preferred ranges for Weild of resijlSi as used herein thermoplastic 
the above-described parameters can advantageously m rt$ i m which can be heated and softened, 

provide improved performance in the final ft™ 6 - cooled and hardened limitless times without undergoing 

High molecular weight polyvinyl alcohol mnm^ a ^ dtenttoni ^ "thermosetting resins" are resins 
having high tensile modulus are described in U.S. fat. 35 do tolerate thermal cycling and which can- 
No. 4,440,71 1 to Y. Kwon et al., which is hereby mcor- bc and twoMA after molding, extrud- 
porated reference to the extent it is not ^nsisteni ^ ^ ^ whicb attain ww , irreversible prop- 
herewith. In the case of polyvinyl alcohol (Py^); erties when once set at a temperature which is critical to 
PV-OH filament of molecular weight of at least about in 

200,000. Particularly useful Pv-OH filament should 40 *** 0 f thermosetting material to therms 

have a modulus of at least ^f^* * pliucaXal in the matrix may vary widely depend- 

at least 7 g/d (preferably at least about 10 g/d. more g mbcr offact o« including whether the matrix 

preferably at about 14 g/d. and most **^«J"* S any ballistic-resistant fropenies of its own, 

about 17 g/d), and an energy-to-brcak of at least about of * hc thermoplastic and Sermosetting res- 

8 joules/gram, PV-OH filaments having a weight aver- 45 the ^^^^^^^Z sh elf life, wear 

„f we^t Iea« ebottl 400.000. Particu- cycles may be required with greater amounts of the 

e£t about 10 g/d ™ w energy-to-brcak of at least tioa of the thermoplastic restn and the higher the pro- 

AlSS^PAN filament having a molecular portion of the thenuosetting ^'^ M «^ 

wdjht of atSibout 400,000. a tenacity of at least greater the ngjd.ty ^ t te ?^^^°£*^ 

about 15 to about 20 g/d wd an encrgy-to-break of at and mold cooling cycle* of the composrtes. However 

leV« 8 toules/gram is most useful in producing ballistic 60 toughness and impact resisuince of the composite may 

reliant articteiand such Hlaments are disclosed, for be decreased relat»ve to those of composites [ havmg 

nmnllinUS Pat No 4535027 greater amounts of the thermoplastic reun, and the shelf 

Tthe case of aramid filament suitable aramide flla- life of the composites may be decreased relative to those 

ments formed principally from aromatic potyamidc are of comppsrtcs havmg greater "mounia of the thermo- 

described m US. Pat No. 3.671.542. which is hereby 65. plastic resm. Thus, the rela »ve proportions ot^o- 

ineorporated by reference. Preferred aramid filament setting resins and thermoplastic resins are selected to 

will have a tenacity of at least about 20 g/d. a tensile achieve the desired physical properties and process 

modulus of at least about 400 g/d and an energy-to- parameters- 
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Th* choice of anv thermosetting resin and thenno- anhydride, fumaric acid, adipic acid, azelwc add and 

■mm 

L selS »Si that the matrix material has a modulus polyepoxides are n^ 1 ™}^^]*^^^,*! 
£uat£w iS™*. abcu. 2,000 psi (13,800 kPa). In 15 •^^SSSS^!^ ^wJS 

i« «r#ferreci embodiments of the invention the boxylate), i,o*nexaneoKu DiH^.^j»*yey»« uc *«^™" 

S^a^oSSt^vto of the matrix and the dcihexanecarboxylate ), lj^-tnmethylolpropa»e tns 
»™?VtLr^ about 80 to about (3 f 4^oxycydc*exanecarboxylatc) ( i,2.3.pror^etnol 

Sly Sfmed^ embodiments, the amount of tbormo- glycol HiXl*fhyle^ 

Sc S^tKS is from about 25 to about 75 30 boxylate), diethylen \*W*%>^%£^^ 
vol* based on the volume of matrix and the amount of dohexanecarboxylate), methylene glycol 
^l^wtSntmMzriti is from about 75 to about 25 ycydohcxanecarboxylate), 3/Upoxycydohexyl- 

ferred embodiments of the invention, the amount of methylcydohexylmethyl 
ttao&c mfa Tin the matrix is from about 30 to 35 ane^arboxylate, bis(3,4*^ 
about 70 vol% based on the total volume of the matrix, late. bU(3 ( 4^oxy^methylCTecyctehfi^lxMthyl) ma- 
and the amount of thermosetting resin in the matrix is ieatc, bis(3.4-epoxy-6^m«thylcydoh«xylmeAyl) succi- 
from about 70 to about 30 vol% on the aforementioned aate, bis(3,4^poxycydohexytmethyI) oxalate. bis(3 f 4- 
k a5 j 5( epoxy-6-methy!cydohexylmethyI) sebacate, bis(3,4- 

Thermosetting resins useful in the practice of this 40 epoxy-6-methylcydohexylmethyl) adipatc, bis<3,4- 
mvention may vary widely. Illustrative of useful ther- epoxycydo-hexylmethyl) terephtalate, 2,2'-fiiilfonyldie- 
mosetting resins are alkyds such as those derived from thanol bis(3 f 4^poxycyclohexanccaTboxy!ate) l N,N - 
estcrification of polybasic acids, as for example* ethylene bis(4»5^poxycydohexane-!^ic^boximide ), 
phthalic anhydride, fumaric acid, maleic anhydride, di(3,4-epoxycydohexylmethyr) l^tolylenedicarba- 
isophthalic acid, terephthalic actd, trimesic acid, hemi- 45 mate, 3,4-epoxy-6-methylcyctohcxanecarboxaldehyde 
mellitic acid, sucdnic anybydride, fatty acids derived acetal, 3,9-bis(3 I 4-epoxycydohexyl) spirobKmethadi- 
from mineral or vegetable oils and the like, and poly- oxane), and the like, 

hydric alcohols as for example glycerol, ethylene gly- Useful thermosetting resins also include phenolic 
col, propylene glycol, pinacol, l f 4-butanediol, 1,3* resins produced by the reaction of phenols and alde- 
prop&nediol, sorbitol, pentaerythritol, 1,2-cydohex* 50 hydes. Useful phenols include phenol, o*cresol, m- 
anedioJ and the like, Other useful thermosetting resins cresol, p*cresoI, p-tertbutylphenol, p-tertoctylphenoJ, 
are acrylics such as crosslmkable polyacrylics, poly- p-nonylphcnol, 2,3-xylcnol, 2,4-xylenol, 2,5*xylenol, 
acrylates, epoxydiacrylates, urctbane diacrylates and 2,6-xyJenol, 3,1-xylenol, 3,4-xylenol, resorcinol bis- 
the like. Still other useful thermosetting resins are amino phenol-A and the like. Useful aldehydes include formal- 
resins derived from reaction between formaldehyde and 55 dehyde, acetoldehyde, propionaldehyde, n-butyralde- 
various amino compounds such as melamine, urea, ani- byde, isobutyraldehyde, glyoxal, furrural and the like* 
line, ethylene* urea, sulfonamide, dicyanodiamide and Other useful thermosetting resins are aromatic viny- 
the like Other useful thermosetting resins indude ure- testers such as the condensation product of epoxide 
thanes derived from reaction of polyisocyanates or resins and unsaturated adds usually diluted in a com- 
du^yanatessuchas2,6:tolylenediisocyanatc,2,4-toly- 60 pound having double bond unsaturation such as 
lene diisocyanate, 4,4'-diphcnyl-methane diisocyanate, vinylaromatic monomer as for example styrcne and 
4,4'^licydohBxyl-methane diisocyanate and the like, vinyltoluene, and diallyl phthalatc. niustrative of useful 
and polycls such as glycerin, ethylene glycol, diethyl- vinylesters are diglyddyl adipate, diglyddyl isophthal- 
ene glycol, rriroethylolpropane, U,6-hexanetriol, sorbi- ate, di<2,3-cpoxybutyr) adtpate, di(2,3«epoxybutyl) oxa- 
tol. pentaerythritol and the like. 65 late, di(2 t 3<poxyhexy 1) succinate, d(3,4^poxybutyl) 

Exemplary of still other thermosetting resins useful in malcate, d(2,3-epoxyoctyI) pimdate, d.p,3-epOxybutyl) 
the practice of this invention are unsaturated polyesters phth&late, di(2,3-cpoxyocty 1) tetrahydrophthalate, 
derived from reaction of dibasic acids such as maleic di(4.5-epoxy-dodecyl) malcaie, di{2,3-cpoxybutyl) tere- 
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phthalate, d:(2,3-«poxypentyl) thicwWpropionate, di(5,6- block copolymer manufactured by Shell Chemical 
cpoxy-tctradecyl) diphenyldicarboxylate, di(3,4-e P ox- Company under the trade name of Kraton; vmyl poly- 
yheptyl) eulphonyldfcutyrate, tri(2,3-epoxybutyl) 1,2,4 mers and their copolymers such as polyvmyl acetate, 
butScarboxylate. ^(S^poxypentadecyl) maleate, polyvinyl alcohol, polyvinyl chloride, polyvinyl buty- 
di(2,3-epoxybutyl) azelate, di(3,4-epoxybutyl) citrate, 3 ral, poJyvtnyhdene chfonde, ethylene*vmyl acetate 
di sSS^yoctyl cyclc^exane-l^icarboxylate, copolymers, and the like; polyacryhcs polyacrylate 
d^ks-epoxyoctadecyl) roalonate, bisphenoLA-fumaric and their copolymers such as polyethyl acrylate, po- 
acid porye^randthe mce. ly(n-butyl acrylate), polymethyl methacrylate, po- 

PrSerred thermosetting resins for use in the practice lytthyl methacrylate, poly(n-butyl methacr^ate), po- 
of this invention are vinyl esters, unsaturated polyester*, 10 ly(n-propyl methacrylate), polyacrylain^e, polyacry o. 
cpoxies and phcnolits. Particularly preferred thennoset- nitrUe, polyacryiie acid, ethykne-acrylic acid copoly- 
ting resins are vinyl esters, epoxies and phenolic*, with mers, methyl mcthacrylatc^styrene copolymers, ethy- 
vinylestera being the thermosetting resin of choice, lene-ethyl acrylate copolymers, meA^^^^ 

■Hiennoplastic resins for use in the practice of this ene-styrenc copolymers and the like; polyoleims such as 
invention may also vary widely. Illustrative of useful 15 low density polyethylene, polypropylene, chlorinated 
thermoplastic resins are, polylactones such as poly(~ low density polyethylene, poly(^methyM-pentene) 
pivalolactone), poly(c-caprolactone) and the like; poly- and the like; ionomers; and polyepichlorohydrms. 
E derived from reaction of diisocyanates such In the preferred embodiments » of the mvention, the 
as 1,5-naphalene diisocyanate, p-phenylene diisocya- thermoplastic material is selected from the group con- 
nate' in-phenyiene diisocyanate, 2,4-toluene diisocya- 20 sisting of pdyurethanes, polyvinyls, polystyrene- 
nate, 4,* diphcnylmethanc diisocyanate, 3-3'-dimethyl- polyisoprene-polystyrene block copolymer thcrmoplas- 
4 4'diphenyl-methane diisocyanate, 3,3'dimethyl- tic elastomers, polyacryhcB and potyolefins. In the par- 
4 4-biphenyI diisocyanate, 4,4'diphenylisopropylidiene ticularly preferred embodiment of the invention the 
diisocyanate, 3,3 , -dimethyl-4,4 , diphenyl diisocyanate, preferred thermoplastic material is a polyurethane. 
S.S'dimethyM^-diphenylmethane diisocyanate. 3,3% 25 The proportions of matrix to filament w the compos^ 
dimethoxy-4,4'-biphcnyl diisocyanate. <fianisiduie diiso- ite is not critical and may vary widely depending on a 
cyanate, tolidine diisocyanate, hexamethylene diisocya- number of factors including, whether the matrix mate- 
nate, ^•dUsocyananodiphenylmethane and the like rial has any ballisuwsistant properties of ito own 
and linear long^hain diols such as polyOetramethylene (which is generally not the case) and upon the rigidity, 
adipate^polyCethyleneadipate^polyd^butyleneadi- 30 shape, heat resistance, wear resistance, flammaoUity 
pate). poly(l,5-pentylene adipate ), poly(l,3 butylene resistance mold cycle time, handling characteristics and 
adipate), polyethylene succinate), poly(2,3-butylene other properties desired for the composite article. In 
succinate), polyether diols and the like; polycarbonates general, the proportion of matrix to fdament m the 
such as polyimethane his (4-phenyl) carbonate], po- composite may vary from reUtivdy small amounts 
ly[l,l-ether bis(4*phenyl ) carbonate], poly[di- 35 where the amount of matrix is about 10% by volume of 
phenylmethane (4-phenyl)carbonate], poly[U- the filaments to, relatively large amounts where the 
cyclohexane bis(4-phenyl)carbonateJ and the like; poly amount of matrix is up to about 90% by volume of the 
sulfoues; polyether ether ketones; poJyamides such as filaments. In the preferred embodiments of this inven- 
poly(4-amino butytic acid), poly(hexamethylene adipa- tion, matrix amounts of from about 1 5 to about 85% by 
midc), poly(6-aminohexanoic acid), poly(m-xylylcne 40 volume are employed- All volume percents are based on 
adipamide). poly(p-xylylene sebacamide), poly(2,2,2- the total volume of the composite. In the particularly 
trimetbyl hexamethylene terephihalamide), poly(mela- preferred embodiments of the invention, baliisttc-resist- 
phenyleneisophthalamide ) (Nomex), poly(p*pbenylene ant articles of the present invention contain a relatively 
terephthalamide) (Kevlar), and the like; polyesters such minor proportion of the matrix (e.g., about 10 to about 
as polyethylene azelate), polyteihylene-l.S-naphtha- 45 30% by volume of composite), since the ballistic-resist- 
la^^lytl^yclohexarwdimethyleneterephthalate), ant properties are almost entirely attributable to the 
polyethylene oxybenzoate) (A-Tell), poiy(para- filament, and in the particularly preferred embodiments 
hydroxy benzoate) (Ekonol), poly(1.4-cycJohexylidene of the invention, the proportion of the matrix in the 
dirocthylene terephthalate) (Kodel) (as), poly(l,4- composite is from about 10 to about 30% by volume of 
cyclohexylidene dimethylene terephthalate) (Kodel) 50 filaments* t 
(trans), polyethylene terephthalate, polybutylene toe- The articles of this invention can be fabricated using 
phthalate and the like; poly(arylene oxides) such as a number of procedures. In general, the layers are 
poly(2,MimethyM,4-phenylenc oxide), poly(2,6- formed by molding the combination of the matrix mate- 
diphenyl-l,4-phenylene oxide) and the like; poly(ary- rial and filaments in the desired configurations and 
lene sulfides) such as poly(phenylene sulfide) and the 55 amounts by subjecting the combination to heat, and 
like; polyetherimides; thermoplastic elastomers such as pressure during a mold cycle time. An advantage of 
polyurethane elastomers, fluoroela6tomers, those embodiments of this invention in which the ther- 
butadicne/acryloroirtte elastomers, silicone elastomers, mosetting resin is a vinyl ester is that relative short mold 
polybutadiene, polyisobutylcne, ethylenc-propylene cycle times and temperatures may be employed, 
copolymers, ethylene-propylene-diene terpolymers, 60 The filaments may be premolded by subjecting them 
polychloroprene, potysulfide elastomers, block copoly- to beat and pressure. For example, for extended chain 
mers, made up of segments of glassy or crystalline polyethylene filaments, molding temperatures range 
blocks such as polystyrene, poly(vinyltoluene), poly(t- from about 20' to about 150' C* preferably from about 
butyl styrshe), polyester and the like and the elasto- W to about 145* G, more preferably from about 100' 
aerie blocks such as polybutadiene, polyisoprene, cihy- 65 to about 135' C depending on the type of matrix mate- 
lene-propylenc copolymers, cthylene-butylene copoly- rial selected. The molding pressure may range from 
mers, polyether ester and the like as for example the about 10 psi (69 kPa) to about 10,000 psi (69,000 kPa). A 
copolymers in polystyrene-polybutadiene-polystyrene pressure between about 10 psi (69 kPa) and about 100 
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psi (690 kPa), when combined with temperature* below about 30 percent by volume of filaments), since the 
about 100" C. for a period of lime less than about 1.0 ballistic-resistant properties are almost entirely attnbut- 
min., may be used simply to cause adjacent filaments to able to the filament. Nevertheless, coated filaments with 
stick together. Pressures from about 100 psi to about higher coating contents may be employed. Generally, 
10,000 psi (69,000 kPa), when coupled with tempera- 5 however, when the coating constitutes greater than 
tures in the range of about 100 to about 155' C for a about 60% (by volume of filament), the coated filament 
time of between about 1 to about 5 min., may cause the is consolidated wi th similar coated filaments to form a 
filaments to deform and to compress together (generally simple composite without the use of additional matrix 
in a firavlike shape), Pressures from about 100 psi (690 material. 

kPa) to about 10,000 psi (69,OD0 kPa), when coupled 10 Furthermore, if the filament achieves Us final proper- 
with temperatures in the range of about 150' to about ties only after « stretching operation or other niampula- 
155* C for a time of between 1 to about 5 min., may tive process, e.g, solvent exchanging, drying or the like, 
cause the film to become translucent or transparent For it is contemplated that the coating may be applied to a 
polypropylene filaments, the upper limitation of the precursor material of the final filament. Li such cases, 
temperaiurc range would be aboit 10 to about 20' C IS the desired and preferred tenacity, modulus and other 
Kr than for ECPE filament. properties of the filament should be judged by conunu- 

In the preferred embodiments of the invention, the ing the manipulative process on the filament precursor 
filaments (premolded if desired) are precoated with the in a manner corresponding to that employed on the 
desired matrix material prior to being arranged in a coated filament precursor, ™^™J™f^^Z 
network and molded as described above. The coating 20 coating is applied to the : aerogel g^J^^J ™ 
may be applied to the filaments in a variety of ways and US. patent application Ser. No. * 
any method known to those of skill in the art for coating al., and the coated xerogel filament is then fetched 
filaments may be used. For example, one method is to under defined temperature and stretch ratio conditions, 
apply the matrix materia! to the stretched high modulus then the filament tenacity and filament modulus values 
filaments either as a liquid, a sticky solid or particles in 25 would be measured on uncoated xerogel filament which 
suspension, or as a fluidteed bed. Alternately, the matrix is similarly stretched. i 
materia! may be applied as a solution or emulsion in a It is a preferred aspect of the invention that each 
suitable solvent which does not adversely affect the filament be substantially coated with the matrix material 
properties of the filament at the temperature of applica- for the production of composites having improved I un- 
tion. In these illustrative embodiments, any liquid capa- 30 pact protection, delamination resistance, ngidity and/or 
ble of dissolving or dispersing the matrix material may ballistic resistance, and relatively shorter mold cycle 
be used. However, in the preferred embodiments of the times, preferably of less than about 30 minutes. A fila- 
invention useful solvents include water, paraffin oils, meat is substantially coated by using any of the coating 
ketones, alcohols, aromatic solvents or hydrocarbon processes described above or can be substantially 
solvents or mixtures thereof, wiih illustrative specific 35 coated by employing any other process capable of pro- 
solvents including paraffin xylene, toluene and octane. ducmg a filament coated essentially to the same degree 
The techniques used to dissolve or disperse the matrix as a filament coated by the processes described hereto- 
m the solvents will be those conventionally used for the fore (e,g. f by employing known high pressure molding 
coating of thermoplastic resins on a variety of sub- techniques)* 

strates. 40 The filaments and networks produced therefrom are 

Other techniques for applying the coating to the fila- formed into "simple composites" as the precursor to 
ments may be used, including coating of the high modu- preparing the complex composite articles of the present 
lus precursor (gel filament) before the high temperature invention. The term, "simple composite", as used herein 
stretching operation, either before or after removal of is intended to mean composites made up of one or more 
the solvent from the filament. The filament may then be 45 layers, each of the layers containing filaments as de- 
stretched at elevated temperatures to produce the scribed above with a single major matrix material, 
coated filaments, The gel filament may be passed which material may include minor proportions of other 
through a solution of the appropriate matrix material, as materials such as fillers, lubricants or the like, 
for example an elastomeric material dissolved in paraf- The proportion of matrix material to filament is vari- 
fin oil, or an aromatic or aliphatic solvent, under condi- 50 able for the simple composites, with matrix material 
tions to attain the desired coating, Crystallization of the amounts of from about 5% to about 150 vol%, by vol- 
polymer in the gel filament may or may not have taken umc of the composite, representing the broad general 
place before the filament passes into the cooling solu- range. Within this range, it is preferred to use compos- 
tion. Alternately, the filament may be extruded into a ites having a relatively high filament content, such as 
fluidized bed of the appropriate matrix material in pow- 53 composites having only about 10 to about 30 vo\% 
der form. matrix material by volume of the composite* 

The proportion of coating on the coated filaments or Stated another way, the filament network occupies 
fabrics may vary from relatively small amounts (e.g., different proportions of the total volume of the simple 
\% by weight of filaments) to relatively large amounts composite, Preferably, however, the filament network 
(e.g., 150% by weight of filaments), depending upon 60 comprises at least about 30 volume percent of the simple 
whether the coating material has any impact or ballistic- . composite. For ballistic protecting, the filament net- 
resistant properties of its own (which is generally not work comprises at least about 50 volume percent, more 
the case) and upon the rigidity, shape, heat resistance, preferably about 70 volume percent, and most prefcra- 
wear resistance, flammability resistance and other prop- bly at least about 75 volume percent, with the matrix 
erties desired for the complex composite article. In 65 occupying the remaining volume, 
general* ballistic-resistant articles of the present inven- A particularly effective technique for preparing a 
tion containing coated filaments should have a rela- preferred composite of this invention comprised of sub- 
rively minor proportion of coating (e.g., about 10 to stantially parallel, unidirectional aligned filaments in- 
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dudes the steps of pulling a filament or bundles of fila- cycle. Another technique is to arrange layers or other 
mSthroSb a ba* containing a solution of a mat™ structures of coated or united MijMto 
material and drcumfcrentially winding this filament and between various forms, e* ftbnc J^fctf ™ 
E?*£ > *53w layer areund and along a bundle matrix material and then to consolidate and tot ^ 
of 1 laments the length of a suitable form, such as a 5 overall structure. In the : above cases, * » <^ 
cyUnto ^e solvent if used, is then evaporated leav- the matrix can be caused to stick or flow without com- 
h! E a i fceet-Ske layer of filaments embedded in a matrix pletely melting. In genera , if the matnx matenal is 
SSi « Z removed from the cylindrical form. Aherna- • caused to melt, relative y little pressure « 
tively? a plurality of filaments or bundles of filaments form the composite; while tf the matnx material is only 
can be simultaneously pulled through the bath contain- 10 heated a sticking point, M^^J^^^J^ 
mg a solution or dispersion of a matrix material and laid quired. Also, the pressure and time W ^thc commie 
downTSosely portioned, substantially parallel rela- and achieve optimal properties will £*^J*£ 
So one anoAer on a suitable surface. Evaporation of on the nature of the matnx matenal (^emical com^ 
the solvent leaves a sheet-like layer comprised of uni- tion as well as molecular weight) and processing tern- 
directional filaments which are coated with the matrix 15 perature. • . nr 
material and which are substantially parallel and The composites of this invention composing one or 
SeM more layers may be incorporated into ^« 

for wbseouent processing such as laminating to ites. For example, such composites may be incorporated 
2« sheet to form composites ccmtAinmg more than into more complex composites ^provide a juore ^ 
one lavcr 20 complex composite article suitable, for example, as 

Similarly, a filament-type simple composite can be structural ballistic*^tant components, such as hel- 
prcSd by pulling a group of filament bundles mcts, structural members of aircraft, and vefocle panels. 
Cugh a mVrsion or sohitior, of the matrix material The term "rigid- as used in ^Tt^Vg^^ 
to substantially coat each of the individual filaments, claims, is intended to include semi-nexible and nir 
and then evaporating the solvent to from the coated 25 rigid structures that are capable of being free standing, 
Jam m yarn can then, for example, be employed to without collapsing. To form the complex comp^at 
torn fabricVwhich in turn, can be used to form more least one substantially rigWlayer* bonded or otterwtte 
complex composite structures. Moreover, the coated connected to a major surface of the mono or multilayer 
yarn can also be processed into a simple composite by composite. The resultant complex composite article is 
employing conventional filament winding techniques; 30 capable of standing by itself and is impact and ddanuna- 
for example, the simple composite can have coated yam tion resistant. Where there is only one layer, the com- 
formed into overlapping filament layers, posite of this invention 

The number of layers included in the composite of toon of the complex composite article; that is a portion 
this invention may vary widely depending on the uses that is not initially exposed to the environment, e.g., the 
of the composite, for example, in those uses where the 35 impact of an oncoming projectile. Where there is more 
composite would be used as ballistic protection, the than one layer, the simple composite may form, for 
number of layers would depend on a number of factors example, a core portion that is sandwiched between two 
including the degree of ballistic protection desired and or more rigid layers* as is particularly useful, for exam- 
other factors known to those of skill in the ballistic pie, in helmet applications. Other forms of the complex 
protection art. In general for this application, the 40 composite are also suitable, for example a composite 
greater the degree of protection desired the greater the comprising multiple alternating layers of simple corn- 
number of layers included in the article for a given posiie and rigid layer. 

weight of the article. Conversely, the lessor the degree In the preferred embodiments of the invention, ngid 
of ballistic protection required, the lessor the number of layers are preferably comprised of an impact resistant 
layers required for a given weight of the article, It is 45 material, such as steel plate, composite armor plate, 
convenient to characterize the geometries of such com- ceramic reinforced metallic composite, ceramic plate, 
poshes by the geometries of the filaments and then to * concrete, and high strength filament composites (for 
indicate that the matrix material may occupy part or all example, an aramid, polyethylene or glass filament and 
of the void space left by the network of filaments* One a high modulus, resin matrix such as an epoxy resin, a 
such suitable arrangement is a plurality of layers or 50 phenolic resin, a vinyl ester resin, an unsaturated poly- 
laminates in which the coated filaments arc arranged in ester, nylon 6, nylon 6,6 and polyvinylidine halide). 
a sheet-like array and aligned parallel to one another Most preferably, the rigid impact resistant layer is one 
along a common filament direction. Successive layers of which is ballistically effective, such as ceramic plates or 
such coated, um-directional filaments can be rotated ceramic reinforced metal composites. A desirable em- 
with respect to the previous layer. An example of such 55 bodiment of our invention is the use of a rigid impact 
laminate structures arc composites with the second, resistant layer which will at least partially deform the 
third, fourth and fifth lay ers rotated + 45' - 45', 90 # and initial impact surface of the projectile or cause the pro- 
0\ with respect to the first layer, but not necessarily in jectile to shatter such as aluminum oxide, boron carbide, 
that order. Other examples include composites with silicon carbide and beryllium oxide (see Laible, supra, 
0V90* layout of yam or filaments. 60 Chapters 5-7 for additional useful rigid layers). For 

One technique for forming composites of this inven- example, a particularly useful ballistic resistant complex 
tion having more than one layer includes the steps of composite comprises a simple composite comprising 
arranging coated filaments into a desired network struc- highly-oriented high molecular weight polyethylene 
ture. and then consolidating and heat setting the overall filament in a matrix on which is formed at least one 
structure to cause the coating material to flow and oc- 65 layer comprising a material which may be heat resistant, 
cupy the renwning void spaces, thus producing either a flame resistant, solvent resistant, radiation resistant, or 
continuous or a discontinuous matrix without a mold combinations thereof such as stainless steel, copper, 
cooling cycle or with a relatively short mold cooling aluminum oxides, titanium, titanium boride and the like. 
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A portion of the rigid impact resistant composite, the 
volume percent of the simple composite is variable 
depending upon the desired properties of the final prod- 
uct The volume percent of the simple composite to the 
complex composite is ordinarily at least about 10ft, 5 
preferably at least about 15%, and most preferably* 
least 20ft (for maximizing ballistic resistance^ The 
volume percent of the simple composite to the complex 
composite is ordinarily at least about 5ft, preferably at lQ 
least about 10ft, and most preferably at least about 15ft 
(for maximizing ballistic resistance). The examples illus- 
trate the effectiveness of a simple composite in a com- 
plex structure at various percentages of the simple com- 
posite to the total. For example, various compromises 15 
between structural rigidity and ballistic performance 
arc attainable depending upon the specific material 
choices and the relative properties of the simple com- 
posites and rigid layers. 

The multilayer composites of this invention exhibits 20 
enhanced peel strength as compared to conventional 
multilayer composites which results in reduced delami- 
nation of the composite on impact. In the preferred 
embodiments of the invention, peel strength between at 
least two adjacent layers of the multilayer composite is 23 
at least about 1.5 lbs/in as determined by the peel rests- 
tance test of ASTM-D-1 876-72, and in the more pre- 
ferred embodiments of the invention, the peel strength 
between at least two adjacent layers of the composite is ^ 
equal to or greater than about 3 lbs/in. In the most 
preferred embodiments of the invention, the peel 
strength between at least two adjacent layers of the 
composite is equal to or greater than about 6 lbs/in. 
with those multilayer composites having layer peel ^ 
strength equal to or greater than about 8 lbs/in being 
the composites of choice. • 

The composites of this invention can be used for 
conventional purposes. For example, such composites 
can be used in the fabrication of structural parts, ballis- 40 
tic armor and the like using conventional methods. 

The following examples are presented to provide a 
more complete understanding of the invention and are 
not to be construed as limitations thereon. In the exam- 
ples, the following technical terms are used; 45 

(a) "Areal Density" which is the weight of the armor 
material per unit area usually in Kg/m 2 or lb/ft*. 

(b) "Vso" which is the projectile velocity which is 
statistically at the borderline penetration and partial 
penetrations which has a 50ft probability of penetrating *> 
the target The specific techniques, conditions, materi- 
als, proportions and reported data set forth to illustrate 
the principles of the invention are exemplary and should 
not be construed as limiting the scope of the invention. }J 

EXAMPLE I 
This example illustrates the advantages of using a 
homogeneous blend of a thermoplastic polyurethane 
and a thermoset vinyl/ester as the matrix-resin system. ^ 
The resin system is formulated as shown in the follow- 
ing Table 1. 

TABLE I _ 



16 

TABLE Continued 



Component* 



weight tt) weigh! (g) 



4Pnp<rcolE58^ 17$ 



70 



W^Dmkml W*T b K *qur«« dap-rtten Of WVXtyrz* monomer <50/» 
wi/vO nanafecwrad tad by Dow Chwmcd Gwipwy. 

iSoWrcon Sir tft in up*** diipwton of » ihcrmopUlue pdym***"* 
iiuntfkcttrtd tftdiold by Mob»y Owpwwwm. 

The above resin components were homogeneously 
mixed within a container. Water was then added to 
achieve the proper viscosity level suitable for coating 
the filaments. The weight ratio between thermoplastic 
polyurethane (Dispercoll E585). and thermoset vinyl 
ester (calculated based on the solid content basis) was 
70/30. Using this resin and Spectra - 1000 yarns of 650 
■ deniers/1 18 filaments, uniaxial prepreg tapes were pro- 
duced. The prepreg tapes (12 inch (30.4 ot)XO.00W 
inch (0.0064 cm) contained approximately 75% weight 
fibers and 25% weight resin. The prepreg tapes were 
cat into 12" (30.4 cm)X 12" (30.4 cm) layers which were 
subsequently stacked into 0% 90' yarn orientation be- 
tween adjacent layers. A panel consisting of 132 layers 
was molded under pressure of approximately 400 
nsi(2758 kpa) at a temperature of 115' C. for a mold 
cycle time of 20 minutes. The molded panel was then 
removed from the mold at US' C without any mold 
cooling. The panel surface appeared flat without any 
visual distortion, . 

The molded panel is rigid and had an areal density of 
1.42 lb*yft*(6.9 Kg/m*) and a Vso of 2.206 lC/m*ft/sec 
(673 m/see) against fragment simulators. 

The flexural properties of the panels under 72 F.(22 
C). 160*F. (71 f C.) for 72 hours and ~60'F.(-45' C) 
for 72 hours were determined using the procedure of 
ASTM-D»790. The results are summarized in the fol- 
lowing Table II. 



TABLE II 


Environmental 


Street fttSft 
Strain 




1 72' F. (22' C) 

2 160' P. (71* C) 
72 hn. oven, 
bat air 

5 -90' F. (-68' C) 
72 hrt- frwxcr 


4,510(31,100) 
$£30(34,700) 

4,050 (27,900) 


947,000(6.3 X 10*) 
\,\9QflOO (S.2 X 10*) 

896400 (6.2 X 10*) 


EXAMPLE 11 



Component 



wrig*x (g) xJids. weight (gj^ 



1 Derckane 8084<*> 

nvononicf 
, 3 t-upe«ol 256 cW 



60 
12 

0.36 



30 
12 

OJ6 



' 65 



Example 1 was repeated except that the ratio of poly- 
urethane to vinyl ester based on Solid content was 
40/60. Uniaxial prepreg tapes made with the 40/60 
composition were difficult to handle because of the 
stickiness during cut and stack sequence. 

EXAMPLE 111 
Example 1 was repeated except that the ratio of 
polyurethane/vinyl ester was 90/10. Uniaxial prepreg 
tapes were easily cut and stacked into 12" (30.4 
cm)Xl2" (50*4 cm) layers. The molded panels were, 
however, very soft and severe deformation was ob- 
served when removed from the mold at a temperature 
of 115' C which was above the solidification tempera- 
ture of polyurethane. However, the molded panels were 
removed easily without any visual distortion if the mold 
was cooled down from 1 15" C. to room temperature of 
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23' C The paid bad u> arcal density of 1 J IDs/ft' (6.3 10. A composite as recited in ^ 9 ^ 

ft/sec (706 m/sec). ^ paral i e i fii ame nts contained in said layers. 

EXAMPLE IV - 11, A composite as recited in claim 1 wherein said 
. # c. M #-« irw, network of filaments comprises a non-woven tabnc. 
Example I was repeated except ^ S^ct»4 WO a$ fa claim , wJj m ^ 

fabric was impregnated with ablend I of polyurethane/- "'^ rf fi ^ mcn(5 uprises a woven fabric, 
vinyl ester in a 70/30 ratio. The con* network ~^a5 recited in claim 1 wherein the 
sisted of about 25% resin and 75% Spectra <g) - 1000 ™^ f fllsmfail& is at least about 04. 
fabric; A panel (12" (30.4 cm)Xl2" (30.4 cm)) was l0 ^V™^^ rcc ited in claim 1 wherein said 
molded from 20 layers of fabric prepreg >at a^ mater £i comprises one or more thermosetting 
ture of 11 5* C and a pressure of 400 pst (2,760 kW for rcsing seleCtC(1 f Tom the group consisting of vinyl esters, 
20 minutes without mold cooling cycle. The panel was phenolic, epoxies, allylics, urethanes, unsaturated poly- 
then cut into 1" (2.54 cm)X 12" (30.4 cm) strips. The gJJ^j Sc y( £; and one or more thermoplastic resins 
peel resistance lest, or T-peel test* was carried 1 out ac* ]5 Mlcetrf from group consisting of polyamides, poly- 
cording to the standard method outlined m ASTM-o- swrene-polyisoprene-polystyrcne block copolymer, 
1876-72. At an Instron speed of 0-2" (0.5 cm) per min- 'uzcry&z* polycarbonates, polyurethanes, polyary. 
ute, the peel strength was 5 lbs. per lmear inch (039 *^ sulfones, polyarylene sulfides, 
kg/cm) which is far stronger than 1 .5 lbs. per linear inch poiyacetals, polyvinyl acetate, polyetber ether ketones* 
for strips molded from fabrics impregnated with vinyl 2Q ^j yaraim ^ 5i polyesteramides, and polyimides, 
ester resin under otherwise identical conditions. Higher ^ A composite as recited lo claim 14 wherein said 
peel strength represents higher interfacial adhesion thermosetting resins are selected from the group con- 
which resists delaminatfon upon impact. sisting of vinyl esters, phenolics and epoxies, and said 
What is claimed is: . thermoplastic resins are selected from the group con* 

1. An impact resistant composite comprised of two or sisting 0 f polyurethanes and polyamides, 

more layers; at least two of said layers being two aoja* « 16 A C0mpO sit€ as recited in claim 1 wherein said 
cent fibrous layers each comprising a network of nla- m^rix comprises a thermoplastic polyurethane and a 
ments having a tensile modulus of at least about 150 thermosetting vinyl ester. t , 

g/denier, an energy-to-break of at about 8 j/d and a w A composite as recited in claim 1 wherein the 
tenacity equal to or greater than about 7 g/denier in a comprises a thermoplastic polystyrene-polyiso- 

rigid matrix wherein said matrix comprises one or more 30 prcne-polystyrene block copolymer and thermoset vi- 
thermosctting resins and one or more thermoplastic B ylester. 

resins wherein the weight % ratio of thermosetting 1£L A composite according to claim 1 wherein the 
min* to thermoplastic resins based on solids content is modulus of said matrix material is equal to or greater 
selected such that , than about 3,450 kPa. 

peel strength between adjacent fibrous layers is at 35 19 A composite according to claim 1 which further 
least about 3.0 lbs/in as determined by the peel comprises at least one layer of a hard rigid material, 
resistance test of ASTM-D-1 876-72. 20. A composite according to claim 19 wherein said 

2. A composite as recited in claim 1 wherein the materia) is selected from the group consisting of 
filaments have a tenacity equal to or greater than about metals, ceramics, and glass reinforced polymers, 

10 g/d, a tensile modulus equal to or greater than about 40 gt A composite as recited in claim 2 wherein said 
300 g/d and an energy*to-break equal to or greater than ^ cyc j e times are equal to or less than about 20 
about tO j/g. -* minutes. 

3. A composite as recited in claim 2 wherein said 22, A composite as recited in claim 1 wherein said 
tenacity is equal to or greater than about 20 g/d, said matrix comprises one thermosetting resin and one ther- 
modulus is equal to or greater than about 500 g/d and 45 aplastic resin wherein said thermosetting resin « a 
said cnergy-to-break is equal to or greater than about 15' vm yj esieT said thermoplastic resin is a polyure- 
j/g- . thane, and wherein said weight ratio is greater than 

4. A composite as recited in claim 3 wherein said a bout 60**40 to no more than 90:10. 

tenacity is equal to or greater than about 25 g/d, said - 23. A composite as recited in claim 1 wherein said 
modulus is equal to or greater than about 1000 g/d, and ^ & from less than about 60:40 to about 30:70. 
said energy-to-break is equal to or greater than about 20 24. A composite as recited in claim 22 wherein said 
j/g. filaments are polyethylene filaments, aramid filaments 

5. A composite as recited in claim 4 wherein said or a combination thereof. 

tenacity is equal to or greater than about 30 g/d, said 25. a composite as recited in claim 23 wherein said 
modulus equal to or greater than about 1300 g/d and the filaments are polyethylene filaments, aramid filaments 
energy-to-brcak is equal to or greater than about 30 j/g. 55 0 r a combination thereof. 

6. A composite as recited in claim 1 wherein filaments 26, A composite as recited in claim 25 wherein said 
are polyethylene filaments having a tensile modulus of filaments are polyethylene filaments. 

at least about 800 g/denier and an energy-to-break of at 27. A composite as recited in claim 25 wherein said 
least 35 j/g. filaments are aramid filaments or a combination of ara- 

7. A composite as recited in claim 1 wherein said peel 60 m ^ filaments and polyethylene filaments. 

strength is equal to or greater than about 6 lbs/in. 28, A composite as recited in claim 26 wherein said 

8. A composite as recited in claim 7 wherein said peel ratio i$ about 30:70, 

strength is equal to or greater than about 8 lbs/in. 29. A composite as recited in claim 1 wherein said 

9. A composite as recited in claim 1 wherein said weight ratio is selected such that during the molding of 
network of filaments comprises a sheet-like filament 65 said composite no or substantially no mold cooling is 
array m which said filaments are arranged substantially required and mold cycle times are less than about 30 
parallel to one another along a common filament direc- minutes. 

tion. * * * * * 
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PATENT NO. : 5,330,820 
0ATE0 : July 19. 1994 
INVENTORY) : LI ET AL. 

It is certified that error appears in the above-identified patent and that said Letter. Patent is hereby 
corrected as shown below: 

Col. 17, Hne 56. Insert -said- between the words "wherein" and 
"filaments". 

Col. 18. line 31. insert -a- between the words "and" and "themoset". 



Attest: 



A tuning Offker 



Signed and Sealed this 
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